Introduction
The synthesis of phosphandiides of the main group metals has been attracting increasing interest over the last few years due to their expected synthetic potential. Bulky substituents at the phosphorus atoms are necessary to avoid polymerization and to obtain oligomers soluble in common organic solvents. One of the most favored groups is the tri-(tert-butyl)silyl [1] moiety, which is able to stabilize the negative charge and to shield the reactive center effectively. Therefore, solvent-free hexameric [MgPSi t Bu 3 ] 6 (A) [2] and tetrameric [SnPSi t Bu 3 ] 4 (B) [3] are well-known (Scheme 1). With regard to the heavier alkaline earth metals, the com-Scheme 1. Known phosphandiides of selected divalent main group plete deprotonation of H 2 PϪSi t Bu 3 to a phosphandiide has metals (see text) not yet been achieved. Even in the presence of an excess of
Results and Discussion metalating reagent, bis(tetrahydrofuran-O)hexakisbarium tetrakis[tri(tert-butyl)silylphosphanide] tetrakis[tri(tert-bu-Synthesis tyl)silylphosphandiide] (C) with an RP(H)
Ϫ /RP 2Ϫ ratio of 1:1 was isolated. [4] Smaller substituents such as triisopropThe metalation of triisopropylsilylphosphane [6] in toluylsilyl groups yield higher oligomers as shown for the sol-ene with dibutylmagnesium in the absence of Lewis bases vent-free hexameric [SnPSi i Pr 3 ] 6 with a hexagonal Sn 6 P 6 such as THF yields compound 1 as shown in Scheme 2. prism [5] similar to A. Herein we report on the magnesiation Heating of the reaction solution to approximately 100°C of triisopropylsilylphosphane with dibutylmagnesium and and subsequent cooling to 6°C lead to the precipitation of the influence of the THF content on the structures of the colorless crystals of 1 with a melting point of 272°C and a magnesiated phosphanes.
decomposition point of 297°C.
The 31 P NMR spectrum shows three chemically different phosphorus nuclei; however, the coupling pattern was not resolved and the assignment was not obvious. The resonance at δ ϭ Ϫ265 shows a doublet splitting due to a 1 J(PϪH) coupling, whereas the other two signals originate from phosphandiide ligands. For these reasons a crystal structure determination was performed at Ϫ80°C (see below). The central moiety is a hexagonal Mg 6 P 6 prism with two Mg[P(H)Si i Pr 3 ] 2 molecules coordinating above two opposite square planes. These magnesium bis(phosphanide) molecules can be substituted by Lewis bases such as THF. If a small amount of this ether is present during the magnesiation reaction compound 2 is instead obtained (Scheme 3). Again the Mg 6 P 6 prism is formed; however, in this case, four THF molecules are bonded to the magnesium atoms of the two opposite square planes. Figure 1 . Molecular structure and numbering scheme of 1; the methyl groups and the hydrogen atoms are omitted for clarity; the ellipsoids represent a probability of 40%; the atoms marked with an apostrophe are generated by C 2 symmetry; selected bond angles Scheme 3. The molecular structure of 1 and the atom numbering P(n)ϪSi(n) 225.1(2) 223.8(2) 221.3(2) 223.6(2) 225.5 (2) scheme is shown in Figure 1 . The molecule has a crystallographic C 2 axis through the atoms Mg2 and Mg5; the sym- [a] Atoms marked with an apostrophe are generated by C 2 symmemetry-related atoms are marked with apostrophes. Selected try (Ϫx ϩ 1, y, Ϫz ϩ 0.5). Ϫ
[b] Coordination number.
bond lengths are summarized in Table 1 .
The central moiety is a hexagonal Mg 6 P 6 prism as already described for the hexamer [MgPSi t Bu 3 ] 6 . [2] Due to ents, coordination gaps appear at the magnesium centers. Two molecules of Mg[P(H)Si i Pr 3 ] 2 are bonded above two the fact that the triisopropylsilyl groups are less effective in shielding the metal atoms than tri(tert-butyl)silyl substitu-opposite Mg 2 P 2 planes. These magnesium bis(phosphanide) units have P1ϪMg2ϪP1Ј and P5ϪMg5ϪP5Ј bond angles of 163.0(1)°. The Mg2ϪP1ϪSi1 and Mg5ϪP5ϪSi5 values amount to 137.5(1) and 139.6(1)°, respectively. These structural data, together with the rather short Mg2ϪP1 and Mg5ϪP5 bond lengths of 254.8(2) pm, allow us to consider the idea of coordinated magnesium bis(phosphanide) molecules.
Another description of the structure can be derived from considering the trigonal bipyramid with the magnesium atoms in apical positions as the basic polyhedron. Two bipyramids are joined through common faces (Mg2, P2, P2Ј, and Mg5, P4, P4Ј, respectively); two of these polyhedra are joined again through two MgPSi i Pr 3 units. Regarding the structure of 1 in this way, the similarity to the barium compound D is obvious; in D the MPSiR 3 moieties are missing and the dimerization occurs through M 2 P 2 Figure 2 . Molecular structure and numbering scheme of 2; the meplanes. The molecule has three-and four-coordinate mag-thyl groups of the triisopropylsilyl substituents and the hydrogen atoms are omitted for clarity; the ellipsoids are drawn on a 40% nesium atoms. (4) very similar to the Mg 6 P 6 polyhedron of 1. Selected structural parameters are summarized in PϪSi bond lengths lie in a narrow range around 221 pm. Figure 4 shows the molecular structure of 3 and the atom In 3 the PϪSi values of 218.4 pm are clearly smaller due to numbering scheme. The central moiety consists of a slightly the reduced steric strain as a consequence of small distorted Mg 4 P 4 cube with four-coordinate magnesium and MgϪPϪMg angles. The negative charge on the phosphorus phosphorus atoms. Table 3 contains selected bond lengths. atoms leads to decreased PϪSi bond lengths relative to trisIn this polyhedron the MgϪP distances vary in a very nar-(trialkylsilyl)phosphanes [12Ϫ14] and bis(triisopropylsilyl)-row range around 254 pm.
phosphane. [6] The P(n)ϪSi(n) bond lengths differ in a characteristic manner. The P3ϪSi3 distance in 1 is the smallest due to the low coordination number of four at P3, whereas the P2ϪSi2 Mg 2n P 2m Polyhedra and P4ϪSi4 bond lengths are elongated due to the higher coordination number at the phosphorus atoms P2 and P4.
These new Mg 2n P 2m polyhedra are missing links in a series of phosphandiides of divalent metals such as the alThe phosphanide ligands show further elongated bond lengths because the lower charge on P1 and P5 leads to a kaline earth metals and tin(II). An overview is given in [a] Atoms marked with an apostrophe are generated by C 2 symmetry (Ϫx, y, Ϫz ϩ 0.5).
phandiides where the dimer [MgPSiR 3 ] 2 with n ϭ 1 Ϫ which would be the smallest unit Ϫ is still unknown. Dimerization leads to the formation of a cube (n ϭ 2) and trimerization to the hexagonal prism (n ϭ 3). These oligomeric alkaline earth metal phosphandiides are represented in the bottom row of Scheme 2.
In the group of M 2n P 2nϩ2 polyhedra the molecules contain both phosphanide and phosphandiide ligands, however the compound with n ϭ 2 cannot be stabilized with triisopropylsilyl groups at the phosphorus atoms, although the steric strain introduced by tri(tert-butyl)silyl substituents is enough to allow the isolation of a dimer with the formula 6 (on the bottom); all hydrogen atoms are omitted for clarity; carbon atoms are omitted with the exception of earth metal bis(phosphanides) with n ϭ 1 which contain those of the THF ligands; the atoms are shown with arbitrary radii only phosphanide substituents. These molecules are bicyclic in the case of the heavier alkaline earth metals with small groups at the phosphorus atoms. [4, 9, 14, 16, 17] In Scheme 5 the M/P ratio changes from 1:2 on the top to 1:1 on the botScheme 5, where two basic types of polyhedra with m ϭ n and m ϭ n ϩ 1 are shown, namely M 2n P 2n (n ϭ 2 and 3) tom, which are the extreme values in this substance class.
The middle row of Scheme 5 shows the compounds with and M 2n P 2nϩ2 (n ϭ 3 and 4). The class of the M 2n P 2n polyhedra consists of oligomeric alkaline earth metal phos-M/P ratios of 2:3, 3:4 and 4:5, which crystallize as dimers.
i Pr 3 [6] was prepared by a literature procedure. NMR spectra were recorded on Jeol spectrometers GSX270 and EX400. A PerkinϪ Elmer Paragon 1000 PC spectrophotometer was used to record the IR spectra; solid substances were measured in nujol between KBr plates (vs very strong, s strong, m medium strong, w weak, vw very weak, sh shoulder). The low carbon values for the elemental analysis result from carbide and carbonate formation as well as loss of neutral coligands during handling and combustion of the compounds. 
